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SUMMARY

It was called to auir attentlon that the partition coefficients which we
had previously reported lor biphenyl and diphenyl oxide (. . 4-20-71)
were widely al variance with values reported by others (1-5), Thercfore,
the determination was repealted on the same samples, using an improved
method designed to eliminale the major possible sources of error in our
carlicr work, This method is believed to be equal or superior to some
published procedures, However, our expericnce {ndicates that for 2 ccmpound
with a partition coeflicient greater than 10,000, the coefficient determined
by ultraviolet spectrophotometry may be of dubious accuracy. Detalls of the
procedure are given in the Experimental section. The results tabulated
below for biphenyl and diphenyl oxide do not correspond to literature v:zlues,
and are not independent of concentration in octanol.

RESULTS

‘ Partition Cocfficient  Initial cone. in
Sample No. Sample Name ’ Octanol/Water Octanol, mg/ml
333-2-102-1 Biphenyl (a) 186,000 20
333-2-102-1 Biphenyl 287,000 .10
333-2-102-2 Dipheny! oxide (b) : 58,000 4]
333-2-102-2 Diphenyl oxide - 67,000 10
333-2-102-3 . Dowtherm® A 28,000 . 20
333-2-102-3 +  Dowtherm™ A 20,000 10

: ' CEIVED
Literalure Values: (») 12,300 (8); 1445 (4). (b) 16,220 (8) RE
UN 81371
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EXPERIMENTAL

LA

1n order {o avold errors due to changes in volume or solvent composition
of the phases, cach solvent was initlally suturated with the other sulvent before
any solulions were prepared, 1-Octano! (Eastman No, 871) saturated with
water was used for proparution of standard solutions In octunol, purtitiontng
runs, dilutions, and reference solvent, Distilled water saturated with 1-octianol
was used for preparation of agqueous standird solitions, partitionirg runs, and
reforence solvent when reading waler solutjons,

To climinute error from prxsible absorption of sample compound on
the walls or cup Uner of the partitioning bottle, the concentratiun of sample
in cach phasc was defermined independently, using separate standurdization
valucs derived for each solvent, Sc2 Table 1,

The concenlration of sample in the water phase afler partitioning must.
be below its solubility limit, Comparison of our highest measured con-
‘centrations of Liphenyl and diphenyl oxide with reported (6, 7) maximum
‘solubilitics of 7.5 and 20, 8 ppm respectively, showed that we were fur below
the limits, Also, aqueous standard solutions at two different levels, with at
least once above any concentration found, yiclded similar absorptivities,

The procedure used was as [ollows: A solution of the sample In octanol -~
was preparcd, cither directly or by dilution from a more concentrated solution,
in the bottle to be used for purtitioninz. An equal volume of water was added,
the botlle was tightly eapped with a "Polyseal™ cap, and shaken for 3 hours on
an Ebcrbach reciprocating tray shaker operaling at 170 cycles per minute,

The Loitle size was chosen {o avoid excessive air space but allow good mixing
of the phascs, Bottles were shaken lengthwise on thelr sides, then placed
upright for a phase separation period of 16 hours to 2 duys, The elear octancl
layer was always sampled first, using microliter syringes to give one-step
dilutions suitable for ultraviolet absorption study in l-cm cells, The water
layer (always slightly hazy even afler 2 days) was carefully withdrawn by
volumetrie pipet and centrifuged to clarify it, then examined undiluted in S-cm
and 10-cm cells by ultraviolet spectrophotometry, The concentration of
sample {n each layer was calculated {from the applicable absorplivity value,
which was an average from the two highest standard concentrations.,

In {he first scf of parlitioning runs, ecach sample was tested at three
concentrations in octanol: 2, 1 and 0.4 mg/ml. The water layers showed no
detectable loevels of the compounds, not even for the more sensitive biphenyl
in 10-cm cells, Another sct was run at 10 and 20 mg/m! in octanol, and this
time measurable amounts of material showed up in the water layers. However,
as the spectra in Figure 1 indicate, there may be something clse in addition
{0 the ¢ xpecicd compuunds, Results are summarized in Table 2,
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CALCULATIONS |

absorbance

3 ‘ A  — I —————-
1. absorpthny =2 r g " Tight path, cm X conc. Tn g/l or mg/ml

A x diiution faclor
2. conccntrnuon mg/ml
’ / * aSsorptiviEy X ccll length, cm

concentration in octanol
3. Par{ltlon cocmcient = —Sneantralion m ~aler

The wavelengths and absorptivitics acteally used to calcx.ln!c the con-
centrations reporied in Table 2 were as {ollows (P = pcak, Sh = shoulder,

SP » shoulder pcak)‘ _
"In Ociznol' ) n Water

! Sample nm a - nm a
. Bipheny} . a9 p M1 248 P 110
i Diphenyl oxide 225 sh  60.3 268P 9
(- Dowtherm® A 234SP  54.5 234sh - 43.5 ;
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Table 1, standardizations fot Ultraviolet Analysis ‘
. , X In Watérosaturated Octanol In Octanol-safurated Wwater
N Sample pe/m nm Al-cm 32 pg/m nm fecm & -
Biphenyl 10,00 249 1,118 111.5 0.478 248 0,260 109
piphenyl $.00 249 0,553 110.6 0.191 248 - 0,106 11
Biphenyl 2,00 249 0.221 110.5 - e | o= -
Dipkenyl oxide 10.00 . 225 0.596 59.6 0.394 225 0.106 84
Diphenyl oxide 5,00 228 0,305 61.0 0.158 225 0.041. 82
Diphenyl oxide 2.00 228 0.124 62.0 0,3¢4 268 0,018 9
Dowtherm® A 10,00 234 0,543 518 1,012 234 0,225 4.5
Dowtherm J A §.00 234 0.273 54,6 0.405 234 0,088 42.5
m“‘thcrm' A ‘ 2. 00 234 D. 107 53. s o= - o o
| 's
o - Table 2, Summarcy of Partitioning Experiments - ‘1 J
fnitial mg/ml -~ Final Conc. mg/ml Ppastition coemdcnf4
. Sample in Octanol Octanol Waler Octanol/Watcre
Biphenyl .. 20,00 20,09 ~ 0,000108 186,000 !
Biphenyl 10.00 10,05  0.000035 287,000
Biphenyl 2.00 . 2,01 Not detected o
Biphenyl 1.00 1.01 Not detected -
Bipheayl 0.40 0,405  Not detected -~
Diphenyl oxide 20,00 19,70  0,00034 58,000
Diphenyl oxide 10,00 10,02 0,00015 617,000
Diphenyl oxide 2.00 1.90 Not detected
Dinhenyl oxide 1.00 0.98 Not detected
Diphenyl oxide 0.40 0.40 Not dctected
pDowtherm™ A 20,00 19.80  0.00071 28,000
Dowlherm? A 10,00 10,07  0.00050 20, 000
Dovtherm? A 2.00 2.00  Not detected -
Dowtherm?® A 1.00 1.00 Not detected -~
Dowtherm® A 0.40 0.40  Not detected -
s Yalucs roundéd to ncarest thousand
\
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1-OCTANOL AND WATER

Wide discrepancy between the log P values for biphenyl
reported by Ransch and those by Garner (AL 25-731) have
becn shown to be caused by volatilization of biphenyl from

the separated aqueous layer before analysis by the latter
chemist, -
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Analysis by a corrected technique gave log P for
1 biphenyl = 4,17 40,03, corroboratling Hansch (4.10), and

E R log P for naphihalene = 3,59 0,05,
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PARTITION COEFIICIENTS OF BIPHENYIL, AND NADITHALENE
BETWEENR 1-OCTAROL AND WATER

EXPERIMENTAL

Reagents

The biphenyl used was Fustman ACS grade 99, 8% purc by differential

1 scanning calorimetry; the naphtlalene was crystallized 3 times from 95%

} ethanol MP 79,6-80.1°C, The octanol used wus Euslman #3871 saturated
with water., The waler used was saturated with oclanul, The methanol -

i was Burdick and Jacksoun distilled grade, ‘

A{_:p_arntus

{ i .
] ,
] Infernational Cenirifuge model SBV equipped with a multispeed attachment

capable nf operation up to 20,000 rpm, Cary recording spcctmphotomcter
model 14,

1 Procedure

Solutions of the samiple in octanol were prepared by accurately weighing
the samples inlo 25-ml volumetric flasks and making to volume with octanol;
the solutions had conceuntrations of 20.00 and 30.00 mg/ml,

Partitioning was cone by adding 200 m! of water and 20,0 ml of sample
1 solution to 8-02. french square narrow-mouth bottles which were previously
cleaned and dricd. The botlles were closed with polyseal eaps and shaken
from 4-0 hours on a Eberbach reciprocating tray shaker operatling at ubout
150 cycles per minutle, Dottles were shaken lenglheise on thelr sides,then
placed upright for 2 to 10 days (o allow the phusces to separate,

The clear octanol layer was carefully removed by nicans of pipet and
i medicine dropper and transferred to a small ottle for subsequent analysis,
The analysis of the orpanie layer was perfornied by removiing 2 20- ty 50-p1
aliquat usinig a 50-p1 syringe ard trunsferring the aliquot (o 2 100-ml
volumetric’flask. The ﬂ.zsk vas made {o volume with nicthunol und the
absorbance of the solulion determined at the xbsorplion peall in T-cru quariz j
cells, Standard solutions weie prepared in the sume manner usim {he same
syrimse and the unpartitioncd portion of the octannl sumple soluiion, 'n.--
abwrpﬂvﬂy of the stan-ard bipheny] in octuno! solution was 111 nad ‘nye ‘en,
at 247 mm, The value for the stendard naphihalene In octanol was 43,2 4,3
al 274 nm.
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Allquots of the cloudy aqueous layer were carcfully removed by means
of 2 volumetric pipet, The tip of the pipet was covercd with wet cotlon to
repel any of the octanol luyer which may still be present. The aliquots
were then centrifused for varfuus times, Glass tubes were used at 1500 rpm
and stainless steel tubes at 10,000 rpm. The ccnirifuged liquid was then
carefully transferred o a 1, 2.5 or 5-cn. cell and the absorbance recorded
from 230 to 350 nm, The concentration of sairple in the water was then
determined {rom {ts absorption peak at 248 or 276 nm. Standard solutions
of sample in water were prepared by dissolving an accurately weighed
(microbalance) portion of sample in 25 ml of methano!l followed by diluiion
to one liter voluine in waler., The abrarptivity of the standard biphenyl in
water was 107 1 mi/mg/cm at 248 nm (average of three trials): the value
for paphthalene in water was 36,6 at 276 nm (one triul), -

The partition cocflicients were calculated in thic usual mamuer. The
concentration of sample in the organic layer was divided by the concentration
of sample {n the aqueous layer, The results are summarized in Table 1.

The organic layer analyzed the same before and after the partitioning (30.0
and 40,0 mg/ml).

DISCUSSION

The aqueous layer was cenirifuged in the absence of the organic layer
except for the four trials listeu in the table, Apparently a logs of sumple does
occur under these conditions despite the fact that the concentration of sample
in the water is well below the solubility concertration, The experimental
plan was to centrifuge for 15-minute intervals until the concentration leveled
off at a constant value, As can be scen {rom the table, this result was never
achieved and it appears that the concentraticn would eventually reach 0 if the
solutions were centrifuged long enough. In every case the centrifuged
solutions were crysial clear, or at worst, very slightly hazy to the eye,

From the results listed in Table 1 it appears that the previously reported

work of Garner (1) is in crror, his high values Leing obtained by volalilization
of biphenyl from the water layer, The value from the present work (based on -
analyses of aqueous layer at earliest clarification) corruborate the Hansch

data,

o L lox P .
y . . Tound Otcralure
Biphenyl 4.17 0,03 4,10 (2)
Naphthalene 3.59 20.05 3.37 (4)
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Sample

Biphenyl
Biphenyl
Biphenyl
Biphenyl
Biphenyl
Biphenyl
Biphenyl
Biphenyl

Biphenyl
Biphenyl
Biphenyl
Biphenyl
Biphenyl
Biphenyl
Biphenyl
-  Biphenyl
Biphenyl

Naphthalene
Naphthalene
Naphthalene
Naphthalene

Naphthalene
Naphthalene
Naphthalene
Naphthalene

Initial Cone,
_Octanol Layer

mg/ml

-3-

Table 1

Treatmen! of Aqueous Layer

30,0
30,0
30.0
30.0
30,0
30,0

3 3
S5

' Iyl
883838

5553

[ 2]
(=]
.

[
o $
000 000000000 OO0

(7]
o
.

o

40,0

40,0

fillercd, not centrifuged (hazy)
15 min, at 1500 rpm (clear)
30 min, at 1500 rpm (clear)
43 min, at 1500 rpm (clear)

5 min, at 10,000 rpm (clear)
10 min, at 10,000 rpm (clear)
15 min, at 10,000 rpm (clear

10 min, at 10,000 rpm ‘with organic layer

filtered, not centrifuged (hazy)
15 min, at 1500 rpm (clear)

.- 30 min, at 1500 rpm (clear)

45 min, at 1500 rpm (clear)

$ min, at 10,000 rpm (clear)
10 min, at 10,000 rpm (clear)
15 min. at 10,000 rpm (clear)

log P
4,044
4.204*
4.262
4.543
4,237
4,219
4,413
4.157°

4.052
4.150*
4.242

- 4,362

4.256

. 4,387

10 min, at 10,000 rpm with organic layer
45, min, sample after standing 5 days

$ min, at 10,000 rpm (clear)
10 min, at 10,000 rpm (clear)
15 min, at 10,000 rpm {(clcar)

10 min, at 10,000 rpm with organic layer

$ min, at 10,000 rpm (clear)
10 min, at 10,000 rpm (clear)
15 min, at 10,000 rpm (clear)
10 min, at

* Valuces averaged to oblain reported log P.

4,483
4.171°
5.377

3,578»
3.714
3.888
3,565

3.037*
3. 731
3.940

1
10,000 rpm with organic layer 3,591+

-
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PREPARATION OF TEST MATERIAL

The test sanples of DOVWTHERM A heat transfer fluid were .
supplied by FP&S-TS&D, 2020 Building.

The two samples came from Lot ¥MM06076. One represented

new DOWTHERM A heat transfer fluid as sold and the otherx

the same lot number after 8 weeks of thermal degradation

at 3J99°F. A forced circulation test unit at 680 Building

was used in preparing the degraded sample, which had the

following rharacteristics:

1. By modified AST™ (distillation) method' =« 10% (vol/vol)
high boilers

6

2. GC~Flame Ionizatioas/GC-Ma;s SpectIicnetry

Weight o
85.7 DOWTHERM A )

12,9 GC=Recoveaerable Degradation Products

1.4 GC-Unrecoverable Degradation Products®
100.0

From an analysis of the mass spectral Jdata, the following
structures have been proposed for the SC-recoverable degra-

dation products: ‘

‘a.”‘1h Mfinr‘ﬂ.' Uhif'H N T rr . . ﬂR[0003u




Isomers of this type:

. - biphenyl phenyl ethers « 7
diphenoxy biphenvls + ? 11.1%
ter~ and quater-phenyls J' .
~

2-phenyldiphenyl ether

triphenylmethane

benzene | | > 1.8%
phenol

dibenzeofuran

l,2~diphenylbenzene

‘ _ 112.9%

The degraded DOWTHERM A heat transfer fluid is believed to
represent material from & typica. .ustumer's operation, but

without contamination derived from chemicals other than

DOWTHERM A.

MLCTHODS

The static water acute toxicity tests followed the test methods
described in the U.S. EPA publication, "Methods for Acute Toxi-
ity Tests with Fish, Macroinvertebrates, and Amphibianu'7.
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Fathead Minnow Toxicity Test .

- Fathead minnows (Pimephales promelas Rafinesque) were accli-

mated at 12°C to laboratory conditions for at least 10 days
pr:or to use, They were held in a lé-hour light/8-hour

dark cycle. A synthetic dxete was used to feed all fish
during the acclimation period. Fish were not fed during the
test. Test fish were placed in the bicassay vessel 24 hours

prior to addition of the test compound.

Tests were conducted by placing 8 liters of carbon filtered
Lake Huron water in each of 10 vessels, (8 treatment, 1 sol‘
vent control, and 1l untreated control), 22 cm deep x <4.5

ca diameter round glass aquaria, addang fish, then aerating.
Stock soluxions of the test compounds were prepared in ace-
tone. The maximum amcunt of acetone added to any aquaria

did not exceed 0.5 nl per liter of Lakae lluron water. Before
addition of the test compound, aerativn was stopped and the
test chemical added, followad by I liters of water for mixing,
making a total volume of lOL. A refrigerated water bath main-
tained the temperature at 12°C + 1°C. 7Ten fish were exposed
to each concentration of compound. The fish were observed

daily and dead fish removed, .
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Daohnia Toxicity Test

.";‘he Aacute invertebrate toxicity test consisted of ~xposing

daphnids, Daphnia magna Straus, resred in our laboratory to

various concentrations of the material :in carbon filtered
Lake Huron water at a temperature of 20°C + 1°C for 48

hours, with a l6-hour light/8-hour dark cycl .

Stock solutions of the test conpounds were prepared using
acetone 95‘4 carrier solvent. The required amount of stock
solution was combined with sufficient carbcn filtered Lake
Huron water to make a final volume of 200 mL in each 250 mL
test beaker. A water control was set using carbon filtered °
‘ke Huron water. Because acetone was used in the stock
solutions, solvent controls wer& sat containing the greatest
amount of solvent used in any toxicant concaentration. The
amount of acetone was limited so that its concentration did

no% exceed 6.5 mL/L.

Ten first instar daphnids were added to each beaker and ﬁhe

beakers set 1n a 20°C constant tenperature incubator with

a lé-hour light/8-hour dark cycle. Three beakers were used

20z cach concentration and each control. Mortality data was

recorded at 24 and 48 hours. Death was defined as no response
gentle prodding. Dead daphnids were not removed during

the tast.
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Statistical Calculations

For cach sct of mortality data, the LC values and their 95’
confidence intervals are given. The 1£10-50-90 are the esti~
mated concentrations of the test substance at which 10, 56.

or 90y of the test organisms are dead at 4 specified time
interval. The LC values were calculated using Finney's method

9

of probit analyses® with a computer program.

RESULTS ANRD JISCUSSION

TWO tests were run on undegraded DOWTHERM A hcat transfer

fluid before data wis obtained which fit Finney's probit ‘
analysis program. The sacond test covered a narrower

range of concentrations than the first. The fathead minnow

LC data for degraded and undegraced, crun ¢2, DOWTHERM A

heat transfer fluid are gresented i1n Tables L and II, re-
spactively. 7The 96-hour LCS0 values for fathead ninnows

were 7.1 ng/L (6.3=8.0) ard 9.0 mg, L (9.3=-17.6) fcor Jegraded
and undegraded DOWTHERM A heat transfer fluid, respectively.
“he 96=hour LCSO values are :an:fxcan:iy different, p = 0.05.
The thermally degraded aatertal i1s slightly more toxic to
Zachead minnows than its undegraded ccunturpart. Major
distrets symptoms noted during the tidt were a loss of body .
equilibrium ({ish swimming disoriented) and malanization

(darkened body culor).
AR100038



The daphnid toxicity tests were run three times bgcause.
mortalit- of the control organisms exceeded 10% in the first
. two tests. Tables III and IV present the daphnid LC data
for degraded and undegraded DOWTHERM A heat transfer fluid.
The 48-hour LC values for daphnids wure 1.27 ng/L (0.63-1.82)
and 0.72 mg/L (0.26~1.05) for degraded and undegraded DOWTHERM
heat transfer fluid, respectively. The 48-hour LCS50 values

are not signizicantiy different, p = 0.0S.

Ao & Fll g7y

Dennis C. Dill
.Resea:ch Biologist

APPROVED BY:

/«Zm.//éé'&«.,e.\_ “/3/ 75

Howard C. Aluxander

Aquatic Biologist Specialist
Envirommental Sciences Research
Health & Envirommental Sciences
Dow Chemical OOSQA.‘ 1702 Buxldlng
Midland, MI 48640 U.S.A.
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ABSTRACT

A radiotracer !*C-diphenyl, has been used by J. 8. Brosier
. of the Waste Control Lab and the authors to obtain biocon-

centration data for diphenyl im fish. Uptake and clearance

data at 1 ppb and 10 ppb exposure levels have been obtained

for muscle, remainders, and whole fish in a2 dynamic exper-

iment. Normalized data for whole fish at an average

exposure of 1 ppb gave a clearance Lalt-life of 64 hr and

a maximum uptake after 80 br. A bioconcentration factor

of 19800 was calculated from this data.
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DETERMINATION OF UPTAKE AND CLEARANCE RATES OF
‘ 1*C-DIPHENYL IN RAINBOW TROUT BY RADIOTRACER TECHNIQUES

INTRODUCTION

A radiotracer study to obtain bioconcentration data for
diphenyl in fish was initiated as a joint project between
J. S. Brosier of Waste Control and the Analytical Labor-
atory in order to evaluate potential environmental

problems caused by Dowtherm A (ecutectic mixture of diphenyl
and diphenyloxide). Previously, Dean Branson of Waste
Control had completed the diphenyloxide part of the study,
using !*C-diphenyl oxide as a radiotracer.

Using similar radiotracer techniques, with !“C-diphenyl as
the radiotracer, bioconcentration data were obtained for
diphenyl.

In experiments using a radiotracer, the purity and valid-
ity of the tracer plays an important part. The !“C-diphenyl,
Lot no. 5109:10 f-2, was synthesized *: Marlene Wass of
Ag-0Organic Research. This tracer had a specific activity
of 3.937 mCi/mmole. Since it had been stored in benzene
. solution for one year, its purity was redetermined by thin-
layer chromatography and liquid scintillation counting by
M. Wass. Two solvent systems, hexane and carbon tetra-
chloride, on silica gel 254F plates showed the radiopurity
of diphenyl-!*C was 98.7%. Analytical data were also
obtained on a standard sample of unlabelled diphenyl re-
ceived from the Halogens Research Laboratory. Thin-layer
chromatography in the same solvent systems showed only one
UV detectable spot. An infra red scan by R. A, Nyquist
(AL 62-213) and gas chromatographic analysis by Tom Peters
showed no obvious impurities in the unlabelled diphenyl,

EXPERIMENTAL

Preparation of the Tracer

The !*C-diphenyl at a sp. act. of 3.937 mCi/mmole was re-
ceived in a benzene solution with a concentration of 13.708
mg/50 mi. 39.4 ml of the solution (10.80 mg diphenyl) was
placed in a flask and mixed with 12.04 mg of unlabelled
diphenyl., A Rinco evaporator was uscd to rcemove the benzene;
95.8% of the radioactivity was found in the flask and 1.6%
was found in the trap to the vacuum line. The specific
activity of thce carrier diluted radiotracer was determined
by liquid scintillation counting to be 2.68 x 10% dpm/us.

ARIOOOLZ
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An acetone solution (100 ml) containing 218.7 ug of diphenyl- '

18C per ml was prepared from the diluted radiotracer. Another
dilution with acetone was made to obtain a !“C-diphenyl
concentration of 4.66 ug/ml.

.rich Exposure and Clearance by J. 8. Brosier of Waste Control

A continuously metering, diluter system was used by Sam Brosier
of Waste Control to maintain the concentration of !“C-diphenyl
in the exposure tanks. A liter of the acetone solution of
l4c-aiphenyl (4.66 ug/ml) was added to the metering reservoir.

A thousand-fold water dilution by the diluter gave an exposure
level of 10 ppb in the first exposure tank. A subsequent l0-fold
dilution gave an exposure level of 1 ppb in the second exposure
tank. Thus exposure levels of 10 ppb and 1 ppb could be main-

tained simultanecusly. This equipment is described in the report
on l*c-diphenyloxide. .

Forty fish were exposed at 1 ppb, another 40 at 10 ppb, and
4 wvere kept ags unexposed controis. Pour fish were removed

from each tank at 6 hr, 12 hr, 24 hr, 48 hr, 96 hr. Water was
also sampled at these times.

The fizh were filleted and separated into flesh and remainders,
and frozen until they could be radiocassayed. The water was
sampled by pipetting 5 ml aliquots directly into 15 ml of
Bray's scintillator. These counting samples were stored in

a refrigerator until radiocassayed.

After 96 hr of exposure, the fish were cleared in continuously
changing fresh water. At clearing times of 6 hr, 12 hr, 24 hr,
48 hr, and 96 hr, 4 fish were removed from each tank. The -
clearance water was not sampled.

Radiocassay of the Water

The !“C-diphenyl was determined by direct counting of the 5 ml
water aliquots by liquid scintillation counting in a Packard
TriCarb 3324 1liquid scintillation spectrometer.

Radiocassay of the Fish

All fish flesh and remainders were houogenized in a Virtus
grinder. All the fish samples except the uptake flesh samples
were combusted in a Harvey Oxidizer. Duplicate aliquots of
100 to 200 mg were combusted. The !“CO, formed was trapped in
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an ethanolamine/2-methoxyethanol (70/30) solution, mixed with

a premixed toluene-xylene liquid scintaillation fluor (Econo
flor), and counted in a Packard Tri-Carb liquid scintillation
spectrometer, model 3380. The uniformity in quenching of the
sanples allowed us to correct for the quenching by a representa-
- tive standards technique. The combustion efficiency was
obtained by directly counting and combusting aliquots of a
standard solution of diphenyl-Cl* in acetone-water. An average
combustion efficiency of 78.5% was found for the diphenyl. The
ug of diphenyl-1“C in the fish were calculated from the radio-
activity found and the specific activity of the diphenyl-l‘c.

The uptake flesh samples (100 to 200 mg)} were solubilized in

2 ml of Soluene-100 by shaking the samples overnight at room
texperature. The solubilized samples were mixad with toluene~
ethanol liquid scintillation counting £fluid and counted with

a Packard Tri-Carb liquid scintillation spectrometer model
3380. An external source channels ratic method was used to
correct for quenching in the samples. The ug of !%*C-diphenyl
was calculated from its sp. activity.

The ppa diphenyl-1*C in whole figsh was calculated from the
.eights of flesh and remaindcrs, and their respective radiocassays.

RESULTS

All analytical data on fish and water are tabulated in Table 1},

2, 3, and 4. The uptake and clearance data at 1 ppb exposure

is plotted in Pigure 1. The data at 10 ppb exposure are

plotted in Pigure 2. The composite uptake and clearance profile
for diphenyl is plotted in Pigure 2. The diphenyl concentration
in the water, C,, is the accumulated exposure level at any

given uptake time and was calculated from the actual concentration
found.

From the data in Pigure 3, the clearance half-life for éiphenyl,
ty /90 equals 64 hr. The bioconcentration factor, BCF, eguals
1900. The model appears to be a one compartment model. The
calculations are on the following page. .
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3 1.1 x 103 i
~
O .
g, 0.505 x 103
™
0.10 x 103
9% 160 )
¢, hr

Clearance ty/2 " 160-96 = 84 hr .
k: = .693/64 = 0.0108 hr™

de,
tf ky C,~k2 C,

'k.‘.-& %—é;kz&

Let C¢/Cy =y

- 00}103
‘°-1°5'°°’1° + 0.0198(0.10) (103) = (0.021)10% hr~!

: ’
BCF = X /k; = 2221U8) o 1900

ki = 21 hr”!
X2 = 0.0108 hr"!
BCF = 1900

* Note: The approximation here is that the tangent to the .
curve at the first data point is coincident with
the straight line from the origin to that point.
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TABLE 1 CONTINUED

- e S s b

UPTAKE OF DIPHENYL-!"C IN PISH AT 1 PPB EXPOSURE

.

e '!."m g

Water Analysis [Pish Fish Analysis -
~—ime T Cy vav No. £ Cgr  PpPm WR Crr PDW Ht Ct, ppa
48 hr [0.62 . 137 |8.24 «169 8.86 .806 17.10
0.58 0.60 127 .148 .910 ,858 : 0.516 ~
138 |7.36 «102 6.89 .821 : 14.23 . =
. e, T 214 ) .752 ,786 0.472 o
.158 3 . =
.228 ,178 | o
139 [6.62 | . 029 (omit) 7.77 «640 14.3) 0.464 o
329 .689 .664 <.
142
.Nﬁﬂ oNNQ peent
140 j2.28 074 3.3 +360 5.58
.060 .067 .1%56 . 549  .558  ,.716 0.489 0,483
96 hr |0.61 145 2.4 145 12.55 1.26 24.98
0.64 0.6 . 147 146 1.23 1.23 0.701
146 |5.77 «148 S.7 0.757 11.47
: 128 137 0.810 0.783 0.458
: 313 .293 1.050 1.023 0.707
140 }4.03 <162 4.97 1.23 9.00
.168 ,165 .185 1.08 1.1%5 1.05 0.663 0.632




e
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Water Analysis [Pish Fish Analysis
Time ; ppb INo. | "t Cr ppo a CR: ppm WE T
6 hr 153 14.04 222 5.53 .0804 9.57
(102) 223 ,222 .087 .846 0.583
15¢ |7.7 «179 8.34 .689 16,04
«185 ,.182 .700 0.695 0.449
‘e Huu OOOO OPOU 'QHN GW&F Pﬂcﬂﬁ
171 177 1.013 0.977 , 0.601
156 |7.63 .www 14 .174 7.82 o.wwu. 15.495 o. 2
o . . 0.632 .614 .783 .48 0.529
1Z hr I8 (6.7 1 145 ¢.89 0.754 13,80 .
(108) ) <136 .141 0,734 .744 0.346¢ o
162 | 7.58 103 8.99 0.572 16.57 =
. .096 .100 0.519 .546 0.342 Q
163 | 6.7 +146 7.78 0.842 14.48 ©
. .153  ,150 0.854 .848 0.528 <
Pﬁb “oﬂ QM@& : ucﬂu Ocﬁﬂ” h UQOU -
.098 .,101 .123 0.931 .9%02 .76 0.45% 0.44
24 hr 189 [ 5.85 .415 . . PYH 1)
(120) «25% .235% ‘ 0.870 0.947 0.619
170 ] 9.41 128 .85 0.766 18.26
.129 .129 0.818 0.792 0.450
171 |10.29% .150 9.94 0.609 40.23
«160 .1855 0.794 0.802 0.47)
172 {9.94 +163 10.79 0.93) 20.73
: ,178 .171 .173 0.991 0.962 .876 0.539 0.520
¥ hr 177 [8.78 | .108 y.78 0.4%3 18.58
(144) <184 .145 0.4.7 0.435 0.298
178 | 4.57 .078 5.84 |  0.413 10.41 : .
179 16.28 179 7.32 0.635 13.60
180 |6.12 <057 6.83 0.356 12.95 .
.059 .058 ,.112 0.367 0.3620.47% 0.218 0.307
§ hr 185 w..a. .050 13.87 411 28,51
192) .046 .048 432 .422 0.205%
186 10.21 117 10.23 .662 20.44
.111 .114 656 .659 0.330
187 | 6.66 .037 7.39 .279 14.05 D
00‘6 Oouw QNQU Q“WO e Ol 4
. 188 | 3.44 '« 028 .39 131 7.83
.019 .024 .05 ‘)46 130 a9 e
e A
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TABLE 3 CONTINUED
UPTAXE OF DIPHENYL-'“C IN FISH AT 10 PPB I WATER

b o -

Water Analysis Fish Analysis
nmmmumlzlmr. wnvv MWﬂr £ P ppm ¥R CRr» ppm Wt Ct, )
48 hx 5.37 141 [10.37 2.129 0.92 9.96 21.29
5.48 5,43 ) 2.199 2.164 . 9.05 9,51 5.932
142 15.5) 1.024 6.67 6.35 12.20
. e 1.171 1.098 6.59 6.47 3.537
Tt 1143 17.42 1,495 7.53 6.87 115.35°
1.915 1.70% *6.95 6,91 4.3% v
2,390 2.1721.788 8.19 8.9% 7.96 5.847 4.928
98 hr | 6.38  (I&9 (T.90 | I.1%3 03 | 9.39 1. 7%
6.24 6.3) . 1.651 1,402 9.64 9,51 4.32¢ o
150 |9.71 3.040 9.82 | .16.08 19.5) %
3.115 15.67 v
* Noﬂﬂ ﬂucﬁﬁ o
3.9 12.8915,082.7) —_—
3.32 o
3.22 .M : 7.582 =X
1851 Wo.ae 1,832 . 10.89 12.84 41.56
2.598 12.91
1.89 13.65
2.65 13.16 13.24¢,18
2.63
2.58 2,363 6.637
152 4.5 0.730 4.91 6.36 9.41 .
. 0.646 0.688 1.098 6.25 6€.31 11.01 3.292 5.509
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DOWTHERM A and the Envzronment
e O ma NiV( SUMARY ¥-Ter (O LUMONS L . /
REVIEWED BY _ } (T he s

Based on the known properties of DOWTHERM A and itL use patteén.
: an analysis of the potential impact of this heat exchange fluid

| on the environment was made. The results would indicate that its
i present use will tolerate a slow leak (25 lbs/day) into a stream
which has a minimum flow rate of approximately 200 cubic feet/
second. Fail safe conditions should be instailed at the site to
prevent accidental spills of large quant1t1es into the stream.

. Characteristics of this product 1ncludzng bxodegradabxlxty and a
.- | sufficiently low partition-coefficient to preclude bicaccumulatio
;7 | suggest that it is a safe ecological material when used appro-- -_j
priately. The ecological hazard that may be incurred with DOW-
THERM A appears to be much smaller than that incurred with poly-
chlorinated biphenyls. 1ln-view of ‘these findings and a demand -

. or a replacement for the PCBs we :ecommend that the follouxng '
_ rk be undertaken. . . . :

REFUK( nympi R

'-: u\x o ',~
. ---_ - -

1. Establish the movement of this matcrzal in the envxronmcnt:
'\'ﬁmerm\entally. . : e LR

K\“’?. Study the metabolisem and accmulat;on pattern of DONTHERM A.
L,\G‘-:;ln aquatic speices and compare it with PCB., . - ...=.:

3¢ ‘Firther recommendations are made 1n the report.
\

~ -

'i’n ‘

e «"

I1SSUED O

nEPaARTMENT | aTifwTion 0f | ocrarturwy I attvewtion
L)
4 _l";..’ *

. | AR100052




DOWTHERM A AND THE ENVIRONMENT

INTRODUCTION

DOWTHBRMQ A, a eutectic mixture of diphenyl (DP) and di-
phenyl oxide (DPO), is an industrial heat transfer agent. Cu
rently, there is considerable pressure to discontinue the use
the principal competitor, the polychlorinated biphenyls (PCBs
Because the use of PCBs is under firel questions concerning t
environmental hazards that may be incurred with the use c‘)
THERM A are being asked. The purposes of this report are as
follows: 1. to develop a model which may aid in integrating
data and predicting the environmental hazard, 2. to summariz
the available data relevant to answering these questions, and

3. to suggest additional studies which are needed to support
continued use of DOWTHERM A.

AR100053
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Exchangeable
Alr Compartments

M'f\’r > Air Sink

. (1
N\
Water Sink <+—-———-water'g=:::==2 Soil ~————>So0il Sink
Bxchangeablé Exchaégeable

Water Water
Compartments Compartments

In this equation, it is assumed that exchange and equilibra-
tions of an agent occurs between three major compartments shown
at the vertices of the triangle~--air, water, and soil. The chemi-
cal may exit these compartments by physical or chemicai deactiva-
tion. This is represented by a one-way arrow from the major com-
partments into a sink. Of course, it should be recognized that
the single sink indicated in Equation 1 for deactivation may re-
present multiple methods for deactivation. The exchangeable ¢
partments in air, water, and soil represent exchanges between
different components within the major compartments. For example,
exchanges between different types of soil, exchanges between par-
ticles suspended in either air or water. These exchangeable com-
partments may be and are very likely to be numerous.

The next section will collect together the known properties
of DOWTHERM A which will be matched to this model. This will
allow an evaluation of the need for additional data.

ITI. SUMMARY OF AVAILABLE DATA

A. Chemical and Physical Properties

~ DCWATHERM A is a eutectic mixture of diphenyl (26-27%) and
phenyl oxide (73-747). The hand sheets prepared by the Thermal
Laboratory provide the following information for these compounds.
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toxici.ty of DOWTHERM A is: low. - All ‘rats given 6 g/kg aied? whil '*,'-

. R AR S I S

‘none’.of the retd given 2 g/kg died.: 6 "rhe cummulat:.ve toxicg._ty ...‘_._.:_‘;.;:::‘
'ppearc to be low because rats survi.ved 132 da:.ly doéee‘of 1 g/kg (.‘,':

r 0.5 g/'kq.;' This squests that the compound must be fairly ra- ‘:
Pidly excreted. Y . ,

I ™ -
L R W 33 S

.
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SNl e

LT ..z e
S lr"x?.-" "= R *3

.-" '_élight to moderate changes were olbeerved :.a the~;h:.stolog

structure of the ki.dneys. live:;,vand tpleens of r‘ats gi‘;len i

Tt e L . .r—-%"".r.. iy :.'r& [ i Swe

ql‘kg/day si.ni lar chanqes were: not observed,. sin . rats- receiv:.ng'
Lo cage e s NRPE O -v‘)((’" Pt e 1 ."J'&':'- i PLNA 'v".. -
-_‘,‘;‘ 0 S g/‘kg/day. Decr_eased weight gains ‘and incfeased ilivet Jand ‘."-":,..1 1
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w:lthin 4 days followinq admuust:ation supports.,the -conclusion i
X e ey e Y TR L R T S nR
that DOWTHERM A is- not: markedly accumulated in’ “theibody’ L% Free:miy
. < ---,x L «_a_,- ~y-« - -"“ NS :‘.)?,',
phenoh.c compounds- and phenols conjugated;giﬁthaglucuronide’ accounted
) . PO et A S Somail 3 -
| tor 24 end 26 percent of that exc:eted :etpectively""'. ;
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‘: -;--It should be emphasized that ‘pe‘it:he:‘the toxxoology ttudies

T O gE =Y e -,

- or the metabolism study can be. used 'ux definttive evi:dence—that _;'i"

T 4 ..—n-v“\‘o.\’_ b .t..,'-c.-. :‘
i QP or DPO does a0l accmnulate i.n fat. DD’EZ_!};: .a‘}ow _o:der of . ,;53.?
accumulative toxicity and approximately ‘IO% ‘of:an’™ ednini-teted dosa
.-,‘_dnst.-p_-‘ --v" .‘~
is eliminated with:.n a few days., The P".’.}}f‘? of ?D’!j whi.ch ..s ze—

tained is: located p:i.matily in- the £at:nnds i,g excreted slowly _' Sone

con . “'~ 50 . 2T g

-" - of the reported metabolism studies of. nou'raam ‘A’ inclﬁdeq mate:xal

;' “balance- evaluation.m:" The:efore. the ...0-40%~whxch h‘.,‘ .not been ac- &

AT L ‘.-., oA
;-:-counted for in existi‘ug studies .may b«ef lo*ca't.ed'in the fet _or othe:

compatments of the body. : The cleatence Sfrom- tbese pools :hay be o
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. LCODJ of DOWTHERM A.? - In consider:.ng .therenviromental ‘hazard of

pommm A, it i.s inf:ortant to deteru_ine,kwhethe: 1t is degradable

‘Qv

in the environmert..” Data supportinq the degtadability of DOWTHERM
"in the enviroment are as follows: “1."' "fhe BOD for dipheny].

~atter s, 10, and 20 deys incubation Qete 0 08 +2.13, and 2,33 re-
spectively. ‘rheo:etically. the BOD £o: this eompound would be 3.01
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"2, The BQD for dxphenyl oxide at the same. txme Lntervals were 2.00 -

"?" r

'-~ox1de would bd 2.64. -3, 'rhe cop for dxphcnyl o de after 10 day
._;,-.of anubacion 'ﬁs 2 19 whlle the theoretxcal CoD - 15 2 64 \ '

DR SR V] T, gt
. ‘békq-cz_‘_\ - ’\’ - .'§ _- . . e

12{01,-and 2 le respeccively. Theo~et1cally. the BOD for. dxphenyl

2 . . . ., s - B -0

.The BOD values for diphenyl and dxyhenyl nxzde and the COD

. value for dxphcnyl oxxde suggest that these compounds are sus-
ceptible to oxidation (degradatlon) by bacteria and by dlchromate.‘
In the case of dxpuenyl thg low value after 5 days of incubation
and a -ubsequent hth value after 10 days 5ugqests that bacterxa
may. Se induced to more efflcxcntly oxidize’ dxphenyl .*ﬂ
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. ~¢3 24, Screenxng Data'xe Screcnxng deta xndxcate thc DP . and DPO i
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-(7 1 P -r - T ¢ s
«havc eithcr no or. mlnlmal actxvity on & varicty of plant and 1n- T
el et ..~,_.___ ﬂ_, . _’.l"& . ..-'"_:
1-sect specics.- A satnzated so;utxon oL DP .or DPO xnhibxts the . -
» ." MARSRL X . R KON T A R ¢ . o . .;;'j'"

growth of some species of bacter1a~—s ’aureus, A. nxqer, and A, 3
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~"t_', 5." Other Data for Assees:mg the Fate of DOWTHERM A in the .
" Environment. The €following information characte:xzing che bxo-
. 10 -~ PR .
_degradability of DOWTHERM A has been rcported- TR

'—0(

-7.1. Twenty—eiqht days after prepar xng a system (closed to the
',alr) containing 10 ppm DOWTHERM A and nonsterile Kawkawlin loany
: soil, O. 2% of the diphenyl and 23% of che_dxphenyl oxide remained.
.In this case, it appoaré that diphenyl was‘ﬁore susceptible to -
degradatlon, Since only 68% and 57% of the diphenyl-oxide and
diphenyl were recoverable immediately following mixing, it appe;zs
that thesc agents are tenaciously bound to components of the soil.

) 2. No DOWTHERM A was recovered aftet 66 hours of. xncubatlon'
. from ‘a closed system whzch initially contained & 1: 20 dilution of
aromatic ‘acclimated sludge and 50 ppm DOWTHERM A.f" :
;v; 3.. Within 48 hours. a species of Pscudomonas izolated from
‘the Dow phenol return sludge degraded 111 of the DOWTHERM A in a

closed system whlch initially contained 100 PP™ DOWTHERM A. The ‘
dzphenyl oxide disappeared faster than dxphenyl

-4, No significant loss of DOWTHERM A occurred in a wystem

containing Tittabawass <« river water collected above the plant
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bacterial count 1 x 10 /ml 1n { oo ‘aid not change during
.‘e 1ncubatx<\>n. f_liowever, the type c.f organxsm._‘r'hanqed suggestan
at DORTHER# A select1Vely inhibice certain bacterxa.ﬁ After.5
days of 1ncubatxon, 20% of the dxphenyl oxide and 35% dxphenyl

were recovered from a closed sys*am '-uua1n1ng nonsterxle bottom
- edxment obtained from the Titabawsssee River above the plant
‘site and SO ppm DOWTHERM A. The 13 oportxon of the loss which

. e

.:may have been caused by bxndxng to the sediment-was not determined.
:f{gﬁww : Gl L ???~?f'-‘-"5*3"" Lt

,1‘3_~i Thc 1nformatxon summarzzed above Lndxcates that DOWTHERM A

. .-

xs cegradable and suggests the abxlxty of a system to degrade.yu

b d ‘_‘ 0T

:-DOwTHERM A may bg'induced - Prelxmznary evxdence suggesta that"§:~ i

> s
- mse At T bt

.:’a naive inoculum may take up to 2 month‘to accl;mate suffxcxently'"~

to sxgnzflcantly deqraoe DOWTHERH A ?1~ In addltxon to deqradatxon'

-.‘J_"v‘

bzﬂdlng to yomponents of 5011 contrxbutes to . the loas of DOWTHERﬁ

. .p' ~

- A from various systems. The steady state level of such bxndxng
s not been determxned It was found that a portxon of the Dow
RM A bound to soxl can not be extra»ted with hexane. Whether

all of the DOWTHERH A bound to soll can bé removed or whether 1:

- is susceptxble to baCCerlal attack Ls unknowﬂ -lg,-;;!mnzv“miux .-
Dtemp T M e e e s e s
S ’-, . - e ".'.':.";.' i ',- PO The ~"::' I '~'. ..f' BN -

-

within 24 hours, DOWTHERH A dxsappnared from an open system'
contalnzng either sterile or nonsterile wat»r and 20 Ppm DOWTHERM
A. This suggests that DOWTHEPM A in an aqueous environment quickly

volatilizes. Therefore, it may be important to determine the UV
degracdation of COWTHERM A. : | : L

- e LI,

-

"IV. RESULTS AND DISCUSSION .

. - K .. " . N “y b .- ~
- .o c e : «t e

- It is impossible to obtain suffiéient data to adequately
- define the model described earlier for any. agent. However, we
. examine the movement or steady state distribution of a chemi-

‘cal between portions of the model. For example,‘the distribution

of the components of DOWTHERM A between water and air may be re-
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. ' The vapor pc;ssure of dlphenyl and dlphen&l’ogide 15'9 55

'.167? and 1.87{ x 10~ -2 mm Hg respectxvely._ Therefore the concentra-_f
txon of these materxals, in air at saturatxon,
from the gas equatxon- n/v = P/RT. If. n/v is expressed as ‘moles/1,
P as mm Hg, and T as absolute degrees, w111 be 62‘" For dlphenyl,i

the roncentratxon in saturated air at 25 C wxll be 5. ‘7 x-10" -7 sl

'I

can be calcu]ated ”77

-~

moles/i or 0. 081 ug/ml - 'For d;phenyl oxxde, the concentratlon
wxll ‘be 1. o x 107 moles/l or 0. 172 ug/ml..
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'“,:‘ The concentrat en;otgelphenyl and dxphenyl oxldetln waterlifi;z
4.at saturatlonﬁare:fg;enb\Zi ug/n}.f Aﬁ”ZﬁSréixﬁéée paqt}txon eoé%fuf
o ficxent for diﬁuenyl\geééeen Qater ;ﬁq”é?} ;cccr41n9i§ 15 75/0 087 5t
~.or 940 In a'SLmllar ;;uner'a‘Value'ge;*g;;ge%§1u6¥¥§e 13 é51£3$§¥§
T lated’ to be 12277 ué%Si%:}?"BQE“?&Eénci{fﬁéde'éﬂéﬂéiméfeileufaegbqjgi
. for a serles of pestxcxéeEtz. ave » ' iy

DP. and DPO have valuee szm11ar'to dx—fui
brOmochloropropane and Eptam, respectxvelyﬁ“

S The celculatxons just presentxd suggest that DOWTHERH A wxll o
qu1te readily lost from water to axr.w The rate'of loss will be .

increased by turbulence.‘ This hypothesxe ‘is substantlated by the

R

finding that within 24 hours all of the DOWTHERM A dzsappeared i;;;‘

from a water solution conta1ned in an open shake - flask . and by

the finding of the Waste Control Laborato?&. 'f i ST .;;T

o R ._ﬂ-.-.,' s P
- 7 . - .-_:‘V_’_‘ : P en ,.-..' .

- Fd PN -4

Avaxlable data do not allow much speculatlon about the dlstrzo

bution of DOWTHERM A between soxl and water. The data do indicate

that the partitioning of DOWTHERM A between soxl ‘and water favors h‘

distribution to the soil. 1Indeed, a portxon of the DOWTHERM A may

be 1rreverszbly bound to components 1n the soll

s e - LT e T : :'"- S
. . . .. e .
A - - - . - X &t--~“ v""

» f.. \.d .

stng the avazlable 1nfornatzon. the effects that may be in-
curred with a slow leakage of DOWTHERM'A 1nto a tller or & massive

spill of DOWTHERM A 1nto a rxver may be hypothesxzed Assuming
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. 25 lbs/day DOWTHERM A enters a txver with a flow rate of 300 cfs.

The concentration of DOWTHERM A would be O 0lS ppm, well below
‘the 96 hour nObgffect level in fis=h. The concentration would be
even lower than this value bccause partitioning as discussed above
_would occur. The rate of clearance from the tottom mud will de-
pend.on thé microflora present. As previously indicated, the
metabollsm of DOWTHERM A by microflora in the mud may be 1nduced
by persxstent exposure to DOWTHERM A. Currently, information con-

. cernxng the fate of DOWTHERM A lost to air lS unknowri. In con-

clusxon,.xt is not lxkely that a leak lxke that cescribed would

T3 have marked untoward effeCtS on the lee of the stream
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:1;3{W111 DOWTHERM A bzoconcentrate" As lndxcaged in the data

ps

T f". ERECAN

‘ ’;‘sectlon there are suggest ons that DOWTHERM A concentrates in

flsh-'however, the telxabxlxty of Che 1nf0rmat10n 15 questlonable.

Even xf DOWTHERM A is not metab0117ed it would not be expected

to blomagnlfy to the same oecreg‘as DDT And PCB. The partitioning
.data 1n Table III indicates that the probabxlltv of DOWTHERM A

accumulatlng in the fat of a part:cular speczes 1s much smaller

than the probability of DDT and PCE dccumulatan in fat. In addi-

tion to the partitioning factor,” the ability.o: DOWTHERM A to be

degraded is much hlgher than the other two materials. Both 0f thesc

L characterxstzcs will decrease the tendency of ciphenyl and cdiphenyl

oxide to accumulate ané’ be magnified in a food chain situation.

) TABLE ITI

- .. Comparis»n of Partition Data of DOWTHERM A, PCB, ané DDT

-

Par:ition Cocfficient Reference

PCB A - ‘ U | x:‘.iée B ’, s
.Dxphenyl : _' - 1‘ x«104 — | Det. by Anal. Lab
' Dxphenvl Oxlde fﬁx;? 7 ix'i04 : ;tf'f" Det. by A;al. Lab
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Iith regard to a massive sp111 of DOWTHERM A a coxrentratxon

gradicnt runnan from 100% saturation to almost nothlng uould be

. quickly set up} Unooubtedly,‘aquatzc lxte exposed to concentra

tlons above those listed in Table II would be killed or injured.
The rate of dissipation wxll depend on all of thuse factors pre-
vxously mentioned,

etc.

-~ .

.vcr:xble change in the ecocystem should not occur.t-Thxs latter
statement 15 supported by Eowards lﬁn

flow rate of water. partltxonlng, degradation,

In such a situatzon there w111 be some death but an irre-

He claxms there 15 good
; lndxcatlons that when aquatxc orqanlsms are kxlled by a large loczl

’ appliéatxon of lnsectxcxdes there xs usuallx a rapxd repopulatlon.3

v . P . s - -

PN -: "‘. -4

-4...\ ' _-,‘- :

For the s;tuatlon assoc1ated wlth a slow leak of DOWThERM =

..  A. 1n the range of 25 lbs/day 1nto a_qtream ‘with a minimam flow o
200 cu ft/sec there should be no adverse €

‘e T on the ecos, stem

- 'iyv 2. Condxtlons that exceed these 1i itac.ons should be exa- el
mined car~fully. S ”fi"iﬁlf-‘aﬁ"f",‘ Do T -5

3. Acc1denta1 spllls of any major: chemxtal shou’é not occur.

It is not only bad econocmics, it is pad ecologlcally.’ At best
the plant sites should be diked in order that such a spill can be

contained and the mcterial dissipated and degraded before aliowing

it to enter the stream. If such an accident does occur we can ornly

speculate on the effect. 1If the fpill occurs on a major river with

a large flow of water the chances of any adverse effect are mini-
mlzed

- . 4. We recommend t'.at the predicted movement between air,

water, and soil be verified experimentally. Th:s becomes very

meortant as the use of DOWTHERM A inecr 'S, We estimate $7,000

for the cost of such a study.

5. The metabclic and accu:nulction pattern in aquatic spec’

should be investigited and comparcd with the PCBs. This type of .

study would be best undertaken with labeled material.
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cost for an sécumulatlon study is $10 000—12 OOO 'tE;?fﬁ?*

- 6. 1In V&ew of the tendency of this mater1a1 to enter the

‘ir environment a study‘should be initiated to 1ir \':stlgate the
rate of degradation by ultra viclet light. - ?‘7‘i; : )
~ 7. For the case of a shock loag,-we w1ll work out the
,mathematlcs to characterize the proflle of the wave of concentra-
‘tzon as it goes down the stream under d1ff~reﬂt xnltlal conditions.
Thxs should nge us _Some idea of wha: §hock loacs dlffcrent streams

can stand without an adverse effect on the ecosystem "_;,,yﬁfFFL

P ----._ P2 N

'~;;¥}i8 Any research or other plans to proddce a- cerlvatzve of

~.v'-; l-k.t- i< ;~...-'r

'1"these compounds whlch 1$ more ‘stable” chemlcally should be exa-;&ﬁf 

&

mined Vlth a Jaundlced eye as 1t w;;l surely lead to much greater .
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